combination of the slaked lime and ggbs. In the second, the water remains after pre-23 hydration of a Roman cement which is a process to retard its rapid setting 2 characteristics. It is shown that optimally dried mortars are not subject to degradation 
31
The first part of this paper [1] described a technique by which the addition of quicklime to 32 wet sand could be controlled to produce Formulated Lime mortars which are dry and 33 suitable for long-term storage in silos or bags prior to final wet mortar production. The 34 principal process-control factors to achieve optimal drying have been identified as lime 
42
A fundamental feature of this concept is that water which is not contained within the pore 43 structure of the sand, i.e. free water, rather than the total water content is the one which 44 must be controlled. In this scenario the datum state of the aggregate is its saturated the presence of excess water in the Formulated Lime mortars which needs to be 4 removed, although in this case the water results from a factory-based process rather 75 than from as-delivered materials. Mortars with the addition of quicklime following the de- 
88
with properties of the slaked limes, were reported in Part I of this study [1] ; Table 1 89 summarises the key properties of the slaked limes and a commercial CL90 which has 90 been used as a control. ggbs was supplied by Civil Example of mix design for optimum mortars using lime E.
6 Figure 5 of ref [1] shows that the optimum stoichiometric ratio for quicklime addition to 102 dry the sand decreases with increases in either the sand moisture content or the mixing 103 time of the wet sand and quicklime. This is represented for lime E in Figure 1 
106
approximate ggbs/CH ratio (by weight) required to achieve the stated classification was 107 0.2 and 1.0 respectively where the mortars were produced to a common flow of 170 mm
108
[6]. Obviously, the precise ratio required to yield a specified strength for any mortar will 109 also be related to the purity of the quicklime, grading of the sand as it affects workability,
110
the sand density and the density of the Ca(OH) 2 (also referred to by its cement chemistry 111 notation of CH) generated during the drying process as they affect volumetric mix
112
proportions. Once a sand:binder ratio has been selected it is possible to calculate how 113 much Ca(OH) 2 is required for a specified ggbs/CH ratio. 
125
The associated values of stoichiometric ratio and sand free moisture content for both 126 ggbs/CH ratios have been superimposed on Figure 1 and the intersection of the 7 relationships indicates the optimum drying conditions for each mortar; the 4 mortars 128 using quicklime E detailed in Table 2 are indicated on Figure 1 . The same approach was 129 adopted for mortars using quicklime C1 In accordance with the terminology previously 
152
These mortars have been termed "stored" and "fresh" respectively.
154

Production of plastic mortars
156
Lime dried mortars were produced by adding mix water to the "dry mortar" whereas the 157 control mortars were produced by adding the water to a blend of CL90 and SSD sand.
158
All plastic mortars were produced in a Hobart mixer with a mixing time of 15 minutes.
159
Appropriate quantities of water were added to give a flow table value [7] of 170mm (+/-160 5mm). This value was considered to provide materials with workability consistent with 161 that observed in typical construction practice [8] . The required free water:binder ratio to 162 achieve the specified flow value for each mortar is displayed in The test specimens were prepared in steel moulds of 40 x 40 x 160 mm dimensions.
181
Mortar was placed in 2 layers and compacted using a vibration 
235
Values of the total open porosity and dry bulk density are shown in Table 3 . The general
236
trend observed for all mortars is a slight decrease in porosity, allied with an increase in 237 bulk density, as the curing time was extended, and is more marked in the M1 mortars.
238
The M5 series of mortars show higher density and lower porosity than the M1 series, as 239 would be expected from the higher ggbs/CH ratio. The difference is more marked in 240 mortars produced using either quicklime C1 or the CL90. 
242
Normal font, water curing in Italics).
244
Within the M1 range of mortars M1-1, M1-2 and M1-3 possess the same porosity at a
245
given age and curing condition; all these mortars were dried with the same quicklime E,
246
the only difference being in the process parameters of stoichiometric ratio and mixing 
252
The influence of curing regime is small for the M1 mortars although water curing yields 253 the slightly higher porosity at all ages. In contrast, water-cured M5 show higher porosity 254 at 28 days but lower porosity at 365 days, presumably reflecting additional hydraulic 255 activity at later ages.
257
The pore size distributions of the mortars (91 days of air curing) are shown in Figure 2 .
258
The data highlight significant differences in the pore size distributions between the M1
259
( Fig 2a) and M5 (Fig 2b) 
387
The similar performance of the M1-1, M1-2 and M1-3 mortars is to be expected as the 
452
counterparts at all ages except 365 days where the air-cured "stored" mortars lose
453
strength at a more rapid rate than the "fresh" mortars (see Fig 8a) . At 365 days the mortars. In contrast, the strengths of the M1 "stored" mortars are considerably greater 456 than those of the fresh materials at ages beyond 7 days under both air and water curing.
457
The strength increases are accompanied by an increase in bulk density and a decrease 458 in the porosity in the stored mixes (Table 5) . 
466
The precise reason for the observed differences between the M5 and M1 mortar series
467
is unclear but appears to be related to changes in the water demand of the plastic 468 mortars following storage. Table 6 shows the w/b ratios required to achieve the specified 469 flow values during mortar manufacture. For the M1 series, the data show a marked 470 reduction in water demand after storage whereas comparatively little change is observed
471
for the M5 series. It seems reasonable to assume that the reduction in water demand is 472 a result of changes in the properties of the calcium hydroxide during storage. These 473 changes were discussed in detail elsewhere [1] and include decreases in surface area
474
and possibly a small increase in the quantity of calcium carbonate within the lime; see 475   Tables 8 and 9 of ref [1] . For a given lime, it seems likely that a reduction in surface area 476 would lead to a lower water demand in the plastic mortars and, as discussed previously,
477
the presence of calcium carbonate leads to enhanced strength in lime mortars.
25
Furthermore, the high proportion of lime in the M1 mixes suggests that these materials
479
would be more sensitive to changes in lime composition than the slag-rich M5 series.
480
Despite the increasing use of pre-mixed lime mortars in UK construction practice, there 481 is no evidence within the literature of research to determine potential changes in the
482
properties of these materials following extended periods of silo storage. In the current 483 paper, changes were not confined to mortars prepared with the lime-drying technique
484
(see mortar M1-5) and it seems reasonable to assume that other lime rich mortars may 485 also be subject to the same phenomenon. Hence, further research is recommended in 486 this area.
487
Mortar w/b ratio Change "Fresh" "Stored" (%) Table 6 : Influence of storage on w/b ratio to achieve common flow. 
501
A series of 10 mortars was produced based upon the optimal processing criteria for the 502 M1-1 mortar. By reducing the stoichiometric ratio of quicklime sub-optimal mortars were 503 produced and by increasing it super-optimal mortars resulted. After lime-drying half the 504 mortar was used to produce "fresh" mortars whilst the remainder was stored in sealed 505 boxes for 10 weeks to produce "stored" mortars. All mortars were produced to a 506 common flow of 170 mm and subject to both air and water curing. Table 7 shows the key 507 data of stoichiometric ratio and the stoichiometric variation from optimal conditions for 508 each mortar together with the w/b ratio to achieve the desired flow. It can be seen that 509 the optimally dried mortar has the highest water demand of all mortars; the reason for 510 which is not immediately apparent. Table 7 : Sub-optimal, optimal and super-optimal mortars
513
The water demand of the "stored" optimal and super-optimal mortars is less than their
514
"fresh" counterparts as previously observed in section 4.1. This might be explained by 515 the presence of unslaked lime in the "fresh" mortars placing a demand for water to slake 516 the quicklime during mortar production whilst this was air-slaked during the storage 517 period. In contrast, the trend for the sub-optimal mortars is less clear but, in general, 
527
of the "stored" / "fresh" mortars at ages between 7 -365 days is shown in Figure 9 .
528
Under both curing conditions both the optimal and super-optimal mortars display a 
553
Poland; details may be found elsewhere [5] . Two mixes have been de-activated with 7% 
564
Both mixes were then stored in airtight boxes for 4 weeks prior to formation into mortars.
565
A third mix (control mix) was prepared and stored for the same period of time with no 566 drying carried out. In Table 8 it is shown that both the oven dried and the lime-dried mortars exhibit a lower 591 fluidity than that of the control mortar, with the lowest flow being observed for the lime-592 dried mortar. This means that these mortars will require higher amounts of water to 593 achieve the desired workability. Whilst the higher water demand of the lime dried mortar 594 can be explained by the presence in this mix of calcium hydroxide formed in the reaction 595 of quicklime with de-activation water, it was not expected that the oven dried mix would 596 have a higher water demand than that of the control mix. In fact, in a previous study [5] it 597 was shown that during storage of a DARC mortar (i.e. the control mortar) the water 598 demand for the subsequent wet mortar was increased as the storage period was 599 prolonged. Whilst all 3 "dry" mortars in the current study were stored for 4 weeks, the 600 oven-dried mortar was conditioned to a lower free moisture content such it might have 601 been expected to perform similarly to a DARC mortar that had been subject to a 30 min 602 only storage period, i.e. a lower water demand or higher fluidity than that of the control 603 mortar. A possible explanation of this data is that the oven-drying causes the de-
604
hydroxylation of the AF m phases. In order to verify this hypothesis, DTG tests were 32 shown in Figure 10 . It is apparent that the use of oven drying has removed water from 607 the system which may be accounted for by both the loss of evaporable water [26] and 
615
619
has been shown to increase workable life [5] . Further study including the production and 
654
 The strength of the lime-slag mortars produced by the lime-drying process are very 655 similar to those of mortars produced using equivalent commercial hydrated lime.
656
 The lime dried materials may be silo-stored prior to use without changes to the 657 mortar classification.
658
 The work has highlighted a requirement for further research to examine the effects of 
